Introduction {#sec1-1}
============

Asthma is a chronic inflammatory airway disease that leads to reversible narrowing and constriction of the airway and tendency of the airway to over-react to stimuli.\[[@ref1]\] Asthma in children often manifest with recurrent episodic cough, breathlessness, wheezing, and poor exercise tolerance.\[[@ref1][@ref2]\] Asthma is a leading cause of respiratory disorder globally with over 334 million people suffering from the disease and the global prevalence ranging widely from 1% to 18%.\[[@ref1][@ref2][@ref3]\] In developing countries including Nigeria, evidence from epidemiological studies point to increasing prevalence of childhood asthma.\[[@ref1][@ref2][@ref3]\] Falade *et al*.\[[@ref4]\] in 2004, reported a prevalence of 7.6% among school-age children using International Study of Asthma and Allergies in Childhood Questionnaire in Ibadan South West Nigeria.

Childhood asthma is a common cause of school absenteeism, hospitalization, and emergency room visits, as well as poor parental/caregiver and child\'s quality of life and increased family and governmental spendings on health.\[[@ref5][@ref6][@ref7]\] These morbidities and burden associated with childhood asthma coupled with the fact that over the past decades, there has been reported increase in the prevalence of asthma\[[@ref1][@ref2][@ref3]\] make the proper management of childhood asthma and appropriate symptoms control a necessity.

The National Asthma Education and Prevention Program (NAEPP) of the National Institutes of Health prescribes meticulous evaluation of asthma control as a very important component in childhood asthma management.\[[@ref8]\] According to NAEPP guidelines, asthma control is assessed by patient reports of daytime and nocturnal symptoms, activity limitations due to asthma, need for rescue medications, and measures of lung function.\[[@ref8]\] A major goal of asthma management is to achieve well-controlled asthma which had been associated with improved quality of life of children and their caregivers, fewer hospitalization and emergency room visit and increased productivity among children and their parents/caregivers.\[[@ref5][@ref6][@ref7]\]

There have been lots of studies to assess the levels of asthma control in children and to determine factors influencing asthma control.\[[@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\] In the developed countries, the prevalence of poorly control asthma among children varies from 32% to 64%.\[[@ref9][@ref10][@ref11][@ref12]\] The factors predisposing to poorly controlled childhood asthma also vary widely.\[[@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\] Male sex, the use of woollen blanket, Surinamese ethnic group, and nondaily use of steroid were reported to predict poor childhood asthma control in a study in the Netherland.\[[@ref12]\] Gandhi *et al*.\[[@ref13]\] in Florida, however, reported that parental perceived self-efficacy with patient-physician interaction and satisfactions with shared decision-making were the determinants of children\'s asthma control status and asthma-specific health-related quality of life. Al-Muhsen *et al*.\[[@ref14]\] in Saudi Arabia reported that poor education about asthma and/or medication use was the major determinant of poor childhood asthma control which was reported in 60.3% of the study population. Garba *et al*.\[[@ref15]\] found that adherence to medications was associated with good asthma control observed in 55.7% of the children attending a tertiary health facility in Gauteng, South Africa.

There is paucity of reports about childhood asthma control from developing countries including Nigeria with the few studies on asthma control from Nigeria limited to few school age asthmatics.\[[@ref16]\] Furthermore, factors influencing childhood asthma control may vary from one location to another as environmental, sociodemographic, and household variables which may affect asthma control differ. This study, therefore, aims to determine the prevalence and factors associated with suboptimal asthma control among children attending the Paediatric Chest Clinic of a Tertiary Centre in South West Nigeria.

Methods {#sec1-2}
=======

Study design {#sec2-1}
------------

This was a hospital-based cross-sectional study.

Study location {#sec2-2}
--------------

This study was carried out at the pediatric chest clinic of the Wesley Guild Hospital (WGH), Ilesa, Nigeria over a 12-month period (January to December 2015). The clinic is run once a week by a team of clinicians including a pediatric pulmonologist assisted by resident doctors and other staff. Ten to 15 children with infectious and noninfectious respiratory conditions are attended to per week. Childhood asthma accounts for about 3.5% of an average of 3300 children seen annually at the pediatric inpatient and outpatient departments of the hospital.

The WGH is a Tertiary Annexe of the Obafemi Awolowo University Teaching Hospitals Complex (OAUTHC), Ile-Ife. The hospital is one of the main referral centers providing general and specialized pediatric care for the people of Osun and few neighboring states. Ilesa, where the hospital is located is the largest town in Ijesaland, situated on latitude 7°35´ N and longitude 4°51´E and is about 200 km North-East of Lagos.\[[@ref17]\]

Study population {#sec2-3}
----------------

All children aged 2--14 years with physician-diagnosed asthma\[[@ref1]\] and/or history of recurrent episodes of cough, wheezing, chest tightness, and shortness of breath which resolves spontaneously or with the use of bronchodilators were consecutively recruited. Informed consent and assent were obtained from the caregivers and older children, respectively. Other inclusion criteria for the study were having attended the chest clinic for a minimum of 3 months, and caregivers must have at least primary education with the ability to read and write. This will enable the caregivers answer the questions of the research tools including the Asthma Knowledge Questionnaire (AKQ) without having to translate the questions to the local languages.

Sociodemographic information obtained from the patients and or the caregiver included age, sex, and age at diagnosis of asthma in the child. A history of asthma in the parents or close relatives of the children was also obtained. Family and personal history of other allergic conditions such as allergic rhinoconjunctivitis and dermatitis were also obtained. History about previous asthma-related hospitalization and possible triggering factors of acute asthma exacerbation was also obtained. Also of interest in this study is the gestational age at delivery of the children and whether they were exclusively breastfed or not. Number of individuals sharing the same room as the child and overcrowding for this study was defined as having three or more persons sharing the same room as the child.\[[@ref18]\] Information about the presence of pets, tobacco smokers/users in the household and source of fuel for household cooking was also obtained.

The severity of asthma among the children was assessed using Global Initiative for Asthma criteria and categorized into mild intermittent as well as mild, moderate, and severe persistent asthma.\[[@ref2]\] The caregivers were asked about the frequency of daytime symptoms, nighttime sleep disturbance from symptoms of asthma, days with the limitation of activities due to asthma during the past month.\[[@ref2]\] Parental socioeconomic class was determined using the method described by Oyedeji.\[[@ref19]\] This is based on rank assessment of the occupations and highest educational qualification of both parents. Professionals with postsecondary education were ranked as upper class, while unskilled laborers or petty traders with primary education were ranked as lower social class.\[[@ref19]\]

The level of asthma control for the study participants was assessed according to NAEPP guidelines.\[[@ref8]\] Children with at least one nocturnal asthma symptoms, 2 or more daytime symptoms within a month, use of rescue medication for at least twice per week and any form of limitation of normal activities as a result of asthma symptoms were classified as having suboptimal (partly and poorly) control. Children without the highlighted symptoms were classified as having well-controlled asthma.

Asthma Knowledge Questionnaire {#sec2-4}
------------------------------

The level of caregivers\' asthma knowledge for this study was assessed using a 25-item knowledge questionnaire about childhood asthma.\[[@ref20]\] The validated questionnaire has an adequate internal consistency (Cronbach\'s alpha of 0.69). The AKQ was administered to the caregiver-patient pair by the authors. The minimum and maximum score of the AKQ is 0 and 25, respectively. Any score \<11 was regarded as inadequate (poor) knowledge about childhood asthma.\[[@ref20]\]

The study participants were examined for comorbid conditions such as allergic dermatitis, conjunctivitis, and rhinitis. For this study, allergic dermatitis was defined using the diagnostic criteria of Williams *et al*.\[[@ref21]\] This was based on the presence of pruritic vesicular, weeping or crusting eruptions. These lesions may also be dry, scaly, and lichenified found mostly in large joint flexures.\[[@ref21]\] The children were then referred to a dermatologist for confirmation. Allergic rhinitis was defined using Allergic Rhinitis and its Impact on Asthma criteria.\[[@ref22]\] This is based on the presence of recurrent nasal itching, discharge, sneezing, and nasal obstruction induced by exposure to allergens.\[[@ref22]\] Children with eye symptoms were referred to the ophthalmologist for the diagnosis and management of associated allergic conjunctivitis.

This study was approved by the Ethics and Research Committee of the OAUTHC, Ile-Ife with Protocol Number ERC/2015/02/12.

Data analysis {#sec2-5}
-------------

This was done using Statistical Programme for Social Sciences (SPSS) Software version 17.0 (SPSS Inc., Chicago, IL, USA, 2008). Categorical variables such as sex, severity of asthma, and asthma control were summarized using proportions and percentages, while continuous variables like age of the children and caregivers, duration since asthma was diagnosed and level of caregivers\' knowledge about childhood asthma were summarized using means and standard deviations (SDs) for normally distributed variables and median and interquartile ranges for nonnormally distributed ones. Differences between continuous variables were analyzed using Student\'s *t*-test, while categorical variables were analyzed using Pearson\'s Chi-square test and Fisher\'s exact test as appropriate (with Yate\'s correction where applicable). The level of significance at 95% confidence interval (CI) was taken at *P* \< 0.05. Association between dependent (suboptimal asthma control) and independent variables (study variables) that gave significant results in the univariate analysis was assessed using binary logistic regression analysis to adjust for possible confounders and determine the predictors of suboptimal control among the children with asthma. Results were interpreted with odds ratio (OR) risk and 95% CI at *P* \< 0.05.

Results {#sec1-3}
=======

Over a 12-month period (January to December 2015), 130 children with asthma were seen in the pediatric chest clinic of the WGH, Ilesa. Twenty-four (18.5%) of the children were excluded from this study. This included 11 (8.5%) children who were \<2 years of age and 3 (2.3%) children who had not attended the clinic for 3 consecutive months before the end of the study.

A total of 106 children with asthma who met the inclusion criteria of this study were recruited and form the basis of further analysis. Eighty-seven (82.1%) of the 106 children had well-controlled asthma, while asthma was partly controlled in 11 (10.4%) and uncontrolled in 8 (7.5%) of the children. Therefore, 19 (17.9%) of the children had suboptimal asthma control.

Sociodemographic characteristics of the children with asthma {#sec2-6}
------------------------------------------------------------

### Sex and age distribution of the children {#sec3-1}

Of the 106 children with asthma 64 (60.4%) were males, with a male:female ratio of 1.5:1. The ages of the children ranged from 2 to 14 years with a mean (SD) age of 6.4 (3.9) years. Fifty-five (51.9%) of the children were 6 years and above \[[Table 1](#T1){ref-type="table"}\].

###### 

Sociodemographic characteristics and general information of the children and caregivers/parents as related to asthma control
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### Parental socioeconomic class {#sec3-2}

Majority (45.3%) of the children were from upper social class, with only 12 (11.3%) from low social class. Furthermore, 50 (48.4%) of the caregivers of these children had postsecondary education and the predominant occupation of the caregivers was trading (47.2%) \[[Table 1](#T1){ref-type="table"}\].

### Caregivers\' knowledge about childhood asthma {#sec3-3}

Thirty-two (30.2%) of the caregivers had poor knowledge about childhood asthma, while 74 (69.8%) had good knowledge about childhood asthma based on their scores in the AKQ.

### Other information about the children with asthma {#sec3-4}

About one-fifth (23 children) lived in overcrowded houses, and 42 (39.6%) of the children live with at least one pet in the house. These pets included dogs 25 (23.6%), cats 5 (4.7%), and further 12 (11.3%) rear poultry in the house. Majority (97.2%) of the children were born at term, but only 64 (60.4%) were exclusively breastfed for the first 4--6 month of life.

### Co-morbid condition and asthma triggers in the children {#sec3-5}

The predominant comorbid condition observed among the children was allergic rhinoconjunctivitis (47.2%). Others are highlighted in [Table 2](#T2){ref-type="table"}.

###### 

Comorbid conditions and triggers in the children as related to asthma control
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### Triggers of asthma exacerbations {#sec3-6}

Thirty (28.3%) of the children reported no known triggers of their asthma, while specific triggers were identified in 76 (71.7%) of them. The triggers of acute asthmatic exacerbations in the study participants are highlighted in [Table 2](#T2){ref-type="table"}.

### Family history of asthma {#sec3-7}

History of asthma is present in close relative in 56 (52.8%) of the children. About one-third of the children had at least one parent who is a known asthmatic. The proportions of other relatives with asthma are shown in [Table 2](#T2){ref-type="table"}. No family history of asthma was reported in 50 (47.2%) of the children.

### Previous asthma-related hospitalization {#sec3-8}

One-half of the children had been hospitalized for asthma exacerbation at least once in the past. Of these 53 children, 19 (17.9%) had been hospitalized two times or more in the past.

### Type of household cooking fuel {#sec3-9}

Only 13 (12.3%) of the study participants used clean fuel (electric and gas cooker) for household cooking; the rest used unclean fuel for cooking. These included kerosene stove (84.0%) and firewood (3.8%). In addition, 19 (17.9%) of the children were exposed to cigarettes smoke as there was at least a smoker living in the household \[[Table 2](#T2){ref-type="table"}\].

### Asthma severity in the children {#sec3-10}

Majority (83.0%) of the children had mild intermittent asthma while 18 (17.0%) had persistent asthma which was mild persistent in 10 (9.5%) and moderate persistent in 8 (7.5%). None of the study participants had severe persistent asthma.

Sociodemographic characteristics of the children as related to asthma control {#sec2-7}
-----------------------------------------------------------------------------

Children from low socioeconomic class were more likely to have suboptimal asthma control as six (50.0%) of the 12 children from low social class compared to 13 (13.8%) of the remaining 94 children from middle and upper class had suboptimal control (χ^2^ = 6.088, df = 1; *P* = 0.014).

Similarly, children with caregivers having poor asthma knowledge were more likely to have suboptimal asthma control (50.0% vs. 4.1%; χ^2^ = 32.056; df = 1; *P* \< 0.01). There is no significant association between the gender, age, caregivers\' level of education and occupation, and the level of asthma control in the children \[[Table 1](#T1){ref-type="table"}\].

Comorbid condition and triggers as related to asthma control in the children {#sec2-8}
----------------------------------------------------------------------------

Children with asthma who had associated allergic rhinoconjunctivitis were more likely to have suboptimal asthma control as 13 (26.0%) of the 50 children with concomitant allergic rhinoconjunctivitis compared to 6 (10.7%) of the remaining 56 children with no rhinoconjunctivitis had suboptimal asthma control (χ^2^ = 2.928; df = 1; *P* = 0.001). Likewise, children with no known triggers of acute exacerbation were more likely to have suboptimal asthma control (30.0% vs. 10.5%; χ^2^ = 2.828; df = 1; *P* = 0.004).

Household exposure to cigarette smoke was significantly associated with suboptimal asthma control as 9 (47.4%) of the 19 children with household exposure compared to 8 (9.4%) of the remaining 85 children without household exposure, had suboptimal asthma control \[[Table 2](#T2){ref-type="table"}\].

Previous asthma-related hospitalization, family history of asthma, and type of fuel used for household cooking were not significantly associated with the level of asthma control among the children \[[Table 2](#T2){ref-type="table"}\].

Predictors of suboptimal asthma control in the children {#sec2-9}
-------------------------------------------------------

The variables found to be significantly associated with suboptimal asthma control in the study participants \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\] were further analyzed using binary logistic regression \[[Table 3](#T3){ref-type="table"}\], parental low socioeconomic class (OR = 6.231; 95% CI = 1.022--8.496; *P* = 0.005) and poor caregivers\' knowledge about childhood asthma (OR = 7.607; 95% CI = 1.011--10.481; *P* = 0.007) were the independent predictors of suboptimal asthma control among the study participants.

###### 

Predictors of suboptimal asthma control among the study participants
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Discussion {#sec1-4}
==========

This study has presented data on childhood asthma on Ilesa; South West Nigeria highlighting that about one in every 5--6 (17.9%) study participants aged 2--14 years attending the pediatric chest clinic of the WGH, Ilesa during the study had suboptimal asthma control. Low socioeconomic class, poor caregivers\' knowledge about childhood asthma, unrecognized triggers, exposure to household cigarette smoke, and concomitant allergic rhinoconjunctivitis were significantly associated with suboptimal asthma control among the study participants.

The prevalence of suboptimal asthma control among the study participants (17.9%) was similar to 14.6% reported among Japanese children in a web-based study by Sasaki *et al*.\[[@ref23]\] It is, however, low compared to 64.0% among children with asthma attending a center in Saudi Arabia\[[@ref13]\] and 64.4% reported by Ayuk *et al*.\[[@ref16]\] from South East Nigeria. van Dellen *et al*.\[[@ref12]\] reported 40.0% prevalence of suboptimal asthma control among multiethnic children in a center in the Netherland. Studies from other developed countries reported prevalence ranging from 32.0% to 64.0%.\[[@ref9][@ref10][@ref11]\] The relatively low prevalence of suboptimal asthma control reported in this study and the Japanese study may be related to high prevalence of mild intermittent forms (83.0%) of asthma reported in these studies compared to the more severe persistent forms seen among children in the earlier cited studies.\[[@ref9][@ref10][@ref11][@ref12]\] Furthermore, children from rural and periurban nonaffluent countries like the study site who live in less hygienic environment are believed to be exposed earlier in life to viral infections and helminthic infestations causing upregulation of Th~1~ helper cells at the expense of proallergic Th~2~ helper cells -- hygiene hypothesis.\[[@ref24]\] These may reduce the prevalence of severe forms of asthma in them hence the reduced prevalence of more severe persistent asthma and suboptimal asthma control.\[[@ref24]\]

The high prevalence of children with mild forms of asthma (mild intermittent asthma) in the present study may be related to the easy access of the populace to the study site. The WGH though is a tertiary annex of the university teaching hospital is located in a semi-urban region right in the center of town\[[@ref17]\] and patients can walk into the hospital to access care even without necessarily being referred from a peripheral center. Technically, the facility also provides primary and secondary healthcare to the populace. This also contributes to the low prevalence of children with suboptimal asthma control observed in this study.

Low socioeconomic class is an important predictor of suboptimal asthma control in this study which is similarly reported by Bloomberg *et al*.\[[@ref9]\] and Chen *et al*.\[[@ref10]\] in America. Stanford *et al*.\[[@ref25]\] also reported caregivers\' unemployment closely related to low social class as a significant predictor of poor asthma control in a cohort of asthmatics in the USA. Low socioeconomic class puts the caregivers at risk of not being able to meet the financial obligations in terms of procuring the appropriate rescue and controller medications for optimal asthma control.\[[@ref1][@ref6]\] Secondly, children with asthma from low socioeconomic class are more likely to be exposed to other risks factors for asthma exacerbation and respiratory tract infections like indoor and outdoor air pollution.\[[@ref26]\] People from low social class particularly from low- and middle-income countries are more likely to use biomass fuel for cooking lighting and heating thereby predisposing them to frequent acute asthma exacerbation and recurrent chest infection\[[@ref27]\] with subsequent suboptimal asthma control. This implies that making childhood asthma care easily accessible and affordable by all the socioeconomic classes in the community will go a long way in ensuring good asthma control.

Poor parental asthma knowledge assessed using the AKQ was also found in this study as an independent predictor of suboptimal asthma control. This finding was corroborated by Awan and Munir\[[@ref28]\] in Pakistan where poor parental knowledge about childhood asthma was associated with under usage of controller medications and subsequent high prevalence of suboptimal asthma control. McGhan *et al*.\[[@ref29]\] also reported poor parental knowledge and perception of childhood asthma was significantly related to suboptimal asthma control among Canadian children with asthma. Children depend on their parents and/or caregiver for the control of their asthma, the importance of parental and child comprehensive asthma education including prevention and control cannot be overemphasized.

Exposure to household tobacco smoke was significantly associated with suboptimal asthma control in the study which was similarly reported by McGhan *et al*.,\[[@ref29]\] Yamasaki *et al*.,\[[@ref30]\] and Morkjaroenpong *et al*.\[[@ref31]\] also reported that tobacco smoke increases the severity and frequency of acute exacerbation among children with asthma. Also Millet *et al*.\[[@ref32]\] reported a significant fall in the frequency of hospitalization of childhood asthma in England following the introduction of smoke-free legislation. Avoidance of exposure to tobacco smoke in children with asthma may assist in avoiding exacerbation and ensuring control of the symptoms of asthma.

Concomitant presence of allergic rhinoconjunctivitis in children with asthma makes them more likely to have suboptimal control of the symptoms of asthma in this study. This is similar to reports by Sasaki *et al*.\[[@ref23]\] among Japanese children. Allergic rhinoconjunctivitis is a common occurrence in children with asthma as they form part of the "atopic march."\[[@ref33][@ref34]\] It is found in 47.2% of children with asthma in this study which is similar to reports from other centers.\[[@ref33][@ref34]\] Allergic rhinoconjunctivitis predisposes children to infections of the respiratory tract which are important triggers of acute exacerbation in asthmatics.\[[@ref32]\] Furthermore, it increases the cost of management of asthma and predispose to emotional and behavioral problems in asthmatics\[[@ref34]\] thereby leading to suboptimal asthma control. These imply that children being managed for asthma should be thoroughly evaluated for allergic conditions including rhinoconjunctivitis and if presence, should be appropriately managed to ensure adequate asthma control.

One of the pillars of proper asthma education and control is the need to avoid triggering factors of acute exacerbation. In situations where the triggers of asthmatic attacks were not known, ensuring optical symptoms control becomes difficult. Unrecognized or unknown triggers of asthma exacerbation were significantly associated with suboptimal asthma control in this study. Awan and Munir\[[@ref28]\] also reported unknown triggers as being associated with frequent asthma exacerbation. The need to recognize triggers of acute exacerbations and promptly treat, avoid and or manage these triggers including environmental manipulations will go a long way in ensuring optimal asthma control and improve the quality of life.

Worthy of note from this study is that caregivers\' level of educational qualifications did not significantly affect the level of asthma control, but caregivers\' level of knowledge about childhood asthma did affect the level of asthma control.\[[@ref35]\] This may be due to the fact that asthma knowledge affects the perception of the disease, and ultimately affects the management and motivation to ensure adequate control. Highly educated caregivers may have wrong perceptions and inadequate knowledge about the pathogenesis, course, triggers, and medication use as related to childhood asthma and these definitely will affect the level of control as observed in this study and other studies.\[[@ref28][@ref35]\]

This study has added to the few data on childhood asthma control and factors associated with it in a developing country. We assessed a variety of social, demographic, environmental, and clinical factors which may affect asthma control in children. The levels of asthma control and caregivers\' knowledge about childhood asthma in this study were objectively assessed using validated instruments. These constitute great strengths of this study.

We, however, appreciate the limitations that parental and children perception of asthma and the presence of psychosocial and emotional problems in the school-aged children recruited for this study were not assessed and these may impact on the levels of asthma control. In addition, recall bias may also be present as an objective assessment of control through the use of lung function assessment was not done for all the study participants in this study. Nonetheless, this study has been able to highlight significant factors that can predict suboptimal asthma control among children in Ilesa. We advocate for multicenter, community-based approach to assessing factors affecting childhood asthma control in developing countries as hospital-based study may not totally reflect the true picture of what is happening in the community.

Conclusion {#sec1-5}
==========

Optimal childhood asthma control is desirable and achievable, in fact, it is highly recommended in the guidelines for childhood asthma management. However, children with asthma who have concomitant allergic rhinoconjunctivitis or with unrecognized triggers of acute exacerbations especially those from low socioeconomic homes and those whose caregivers have poor knowledge about childhood asthma are at increased risk of having suboptimal asthma control. The implications of these to the family physicians and primary care practitioners in our setting or similar settings are that children with asthma should be carefully assessed for comorbidities especially allergic rhinoconjunctivitis because its presence may affect the control of asthma symptoms. In addition, the primary care physicians should ensure that children with asthma and their caregivers have adequate knowledge about the condition particularly as related to avoidance of triggers of acute exacerbations to facilitate good asthma symptoms control. On the part of health policy makers, making childhood asthma care easily accessible and affordable may assist the clinicians, caregivers, and parents to ensure good childhood asthma control.
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